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INTRODUCTION. 


The present work is a continuation of an investigation that has 
been in progress in this laboratory for several years on the practica- 
bility of recovering potash from silicate rocks. Early in the investi- 
gation the conclusion was reached that owing to the small percentage of 
potash in commercial grades of any insoluble potash silicate, no process 
for recovering potash from such material can offer much promise of 
profitable application unless at the same time some product of value 
is recovered in addition to the potash. This principle now seems to 
be more or less generally recognized, and in the numerous patents 
that have appeared during the last two or three years on the subject 
of decomposing feldspar and other potash silicates specifications are 
given in most cases for the recovery, in addition to potash, of one 
or more of such various products as compounds of aluminum and of 
silicon, cement, raw material for the manufacture of glass or pottery, 
structural material, and pigment. 

In a publication ' prepared about five years ago, it was shown that 
when 1 part of feldspar and 3 parts of calcium carbonate were ignited 
about an hour at a temperature of 1,300-1,400°, the potash in the 


1 Ross, William H., Circular No. 71, Bureau of Soils; Eighth Intern. Congress of Applied Chemistry, 
15, 217 (1912). 
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feldspar was completely volatilized and the clinker which remained 
was of such composition that the percentage of silica amounted to 
3.2 times that of the alumina and the sum of these constituents 
amounted to exactly one-half the percentage of the lime present. 
The clinker obtained in this way, therefore, has a composition with 
respect to these constituents which falls within the limits required 
for Portland cement. It was observed also that when a quantity 
of calcium chloride equivalent to the alkalies in the feldspar was 
substituted for a part of the lime, volatilization took place in about 
half the time required when the ignition was made with lime alone: 
and that with the same mixture, on extending the time of ignition, 
almost complete decomposition of the feldspar could be effected at a 
temperature as low as 1,050°. Substitution of sodium chloride for 
calcium chloride gave approximately the same results. 

In a later publication ! it was shown that'when feldspar and lime 
in the proper proportion to make cement are digested with water 
at a steam pressure of 10 to 15 atmospheres, about 90 per cent of the 
potash in the feldspar passes into solution in the form of the hydroxide 
and the residue simply requires ignition for the manufacture of 
Portland-cement clinker. When the proportion of lime taken is 
reduced much below the limit stated, only partial decomposition 
of the feldspar results even at increased pressures, but by adding 
to such a mixture a quantity of a soluble calcium salt equivalent to 
the alkalies in the feldspar the amount of potash recovered may then 
be increased considerably. | 

The conclusion was drawn from these experiments that potash 


could be set free from feldspar by substituting the latter for clay in © 


the manufacture of cement; that the potash would be volatilized 
to a greater or less extent and could be recovered in the flue dust; 
and that it should be possible to obtain raw materials of the proper 
composition to yield Portland-cement clinker on ignition. 

In a series of experiments recently described by Anderson and 
Nestell,? cement mixtures from 10 different plants in this country 
and Japan were ignited in a way similar to that used in the ignition 
of the feldspar-lime mixtures. In every respect the results corre- 
sponded to those which were obtained in this laboratory by the ignition 
of feldspar with ime. Thus it was found that with different cement 
mixtures volatilization of the potash began at about 1,100°; at 
— 1,200° the percentage of potash volatilized in a given time was dif- 
ferent for the different mixtures, but when the temperature was 
increased to 1,300°, and maintained for 1 hour, almost complete 
volatilization resulted in every case. When heating an hour at 1,200° 
the addition of 5 per cent of sodium chloride to the raw material gave 
an increase in volatilization of the potash from 19 per cent to 66 per 
cent, while the use of calcium chloride was reported to be even more 


1 Ross, W. H., J. Ind. Eng. Chem., 9, 467 (1917). 2 J. Ind. Eng. Chem., 9, 253 (1917). 
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effective. The presence of sulphur dioxide in the furnace when the 
ignitions were made was found to have a retarding effect on the 
evolution of the potash. 

Since potash occurs in the form of feldspar or other silicates in the 
raw materials used in cement manufacture, it might be inferred from 
the experiments made on the ignition of feldspar mixtures and of 
cement materials that more or less complete volatilization of the 
potash would take place in the burning of cement. 

It happens, however, that the clinkering zone of a-rotary kiln 
constitutes only a comparatively short portion of its length, and 
while the time taken for the charge to pass through the kiln may 
vary from about 14 to 24 hours, depending on the length of the kiln, 
the time that the charge is subjected to a clinkering temperature 
does not exceed one-half hour. The length of a rotary kiln must 
- also act disadvantageously on the escape of the potash. That some 
potash is volatilized in cement burning has long been known, and 
in the case of one plant a quantitative study of the amount lost in 
this way has been made by R. K. Meade! from analyses of the raw 
material fed into the kiln, the resulting clinker, and the coal used 
for burning. The results of three separate tests showed that the 
potash volatilized ranged from 46 to 52 per cent. 


POTASH IN RAW MATERIALS AND LOSS THROUGH VOLATILIZATION 
IN CEMENT MANUFACTURE, 


With a view to securing more extended information in this direc- 
tion, an investigation was undertaken about five years ago to 
ascertain the percentage of potash occurring in the raw materials 
used in the different cement plants of this country and also the per- 
centage of the total potash that is volatilized in each case. Repre- 
sentative samples of raw mix and ground clinker were collected from 
the different cement plants in the United States and in Canada, with 
a view to analyzing each sample for potash. With the data thus 
obtained, and knowing the ratio between the raw mix and the cement 
produced, and the output of the latter, it was thought possible to 
calculate for each plant the approximate quantity of potash that 
escapes daily from the kilns. After the work was partly completed it 
had to be abandoned for a time. A few months ago the problem 
was taken up again and entirely new samples were collected. The 
work now has been completed, with the results given in Table I. 

This table shows that the potash occurring in the raw mix used by 
the different cement plants in this country varies from 0.20 to 1.16 
per cent. The raw materials used in the mills of the Universal Port- 
land Cement Co. consisting of blast-furnace slag and a high-grade 
limestone contain considerably less potash than the average for 
the other cement plants of the country. 


1 Chem. Engineer, 2, 221 (1905). 


BULLETIN 572, U. S. DEPARTMENT OF AGRICULTURE. 


oe 
1°9 €1'T 
a) 8 'T 
Pil Lb 'T 
‘SL pLT 
9 Gl 19°T 
8 OL Ue 
£°S1 Z8'2 
L211 1‘ 
2% Le* 
8°S 69° 
ard pg° 
8 "EL 89°T 
¢'9 G¢'T 
L'8 ILS 
8°21 Il’ 
8°, 161 
OF 9° 
9°9 19'T 
6°21 Il’ 
LI 96 °% 
Lt 18° 
6°9 08°T 
ZH GL'2 
06 e1°% 
PP £0°T 
6 ‘OT 29'S 
Get SE 
z°9 09 °T 
ay) OL°T 
8° 68 °T 
“Uo Lag | *spunod 
‘ysnp | *4uout0o 
ony UL | Jo jorreq 


ysejod po| aod 4soy 
“Veurysot | Ysejod 


1°29 TpO'9 =) Tesie «=| eOTS | 2B" eh 
£19 OST 'b 9188 920 °8 bE" bP 
& “68 198 °9 OZI 6 L86'VL | 09° 89° 
2 “OF 809° | O88 | 8r'9 | 29° CL" 
6 °ob £086 =| OOL"S =| Lea"Or =| 09" go" 
6'IF 808 ‘OT | BLES | O8B'SE | 66" 80°T 
G19 ler 6L | 6OL'eT =| OODTTE =| 89" 00°T 
1°64 1092 L81‘G | 88021 | 68" 8¢° 
8°08 6PT‘9 =| ZER‘ET =| TRO'6T | 8% 62° 
"88 088 “ 916 ‘9 QRZ IL | 93° 62° 
18 912 °€ Z19'9 828 6 62" 08° 
6 'S8 668 ‘8 p00‘9 £98 ‘6 6." LL 
9°88 0s9 ‘py OLb *L O90'%T | 99" 19° 
88h pO8‘er | L08'2T | LOL'Te | TL" 6L° 
T'89 GL8‘OT. | LP8'L | 92L'8T | 69" 88 
bbb LLE'e | 8G4°9T | S810 | €9° 02° 
"ve Z16'E 80°21 | 966"ST | 69° ep" 
8°18 O1Z‘8 | 06 EL, | OoL' % | OL" 
8 "2g 699 ‘F TOI’ =| O@8‘8—Ss | BL" 86° 
0°99 app 6 | b6E‘S | 9e8"9 =| Oh" cL" 
69S 8ar‘8 | 889 | ZI8‘E | 99° 8° 
0°6¢ £09 p gel ‘g 889%) ee" Lb* 
6 "pL bL6'6Z | CE0'0L =| 9000 | &E° 92° 
6°TL LEL‘IE | 86Gb | See Or | 22"e 0g'a 
0°98 OST'9 | OOF IT jogo zt | 0g" 0g" 
€°89 GP's | 6Sh'T 1 809'p | 28° 79" 
2°29 €86'% | L80°T oles | bb" 08° 
L‘Ih 686 °¢ 0988 =| GET | G9" 69° 
€ °68 I Sn e2" 
8 "oh 119"G _ | 924°9 | G0P'ZT ‘| 69°0 89°0 
WUad LAT | “Spunod | ‘spunog | *spunog | °7Ua9 ag | *7Ua0 Lag 
“xTur “xTar 
*4So[ “SUD “yaoutos) u, *VUOUTOL) : 
ysejod | wouy ANG eee eT 
12404 ysejod 
jo worl}, | Jo ssoy 
~lodoig | Areq = CERNE —ul ysejod 


Ajiep ur yseyod 


OF9 
809 p 
969 
T09 
8&9 


009 
(46)) 
G29 


ogg 
pag 
OPS 


809 
009 
809 Pp 


809 
G19 
029 
029 


009 


£t9 
8&9 


0g9 
899 
V6G a 
G89 
009 
8h9 
809 


269 
809 P 
“spunog 


queued 
JO [o11eq 
dod 
pomnbor 
XT 
MB YY 


00's 
000‘8 
000P 
009 ‘T 
000°8 


0009 
g 30'S q 
00G ‘g 


000 ‘ST 
000 12 
000° 9 
000 *% 


0008 
009‘9 4 


00g ‘¢ 
000 ‘2 
000°9 
000‘ 
008 ‘T 


00¢ E if 
000 ‘8 


00g *% 


0008 


00g 6g 
0009 
002 ‘I 
099 

000 ‘F 


000 : SG 
000 ‘8 
*S0LUO 


o*ynd4no 
Ayre 


****- Quopuodepuy 
Soar eT TOC UNE EL 
sTotetelmiciaie * nein nse - B[OT, 
---ssunidg 100g, 
soeresee=esoonUByO 


Sissy SysRiein si QT) 2 se | 
“ee ""AITY UOSBI 
ae SoUTOY, SOC, 


ipisiee 2 <)*e SOT, 
scgpiis sims uoYs UN 


maveta(ntelats --esnoeisg 
cent eee ee eee spoodg 


moreee = TOYO ITAL 


gee ee FYI ata 
paitiner AC SST.S © 


se eee ses" VIBUTSOO YY 


weeeeeses = O}OIOUO/) 
woeeeee’ “Puello f 


“--- gorounr eden 
says eye lod U9AB (T 
=r" "9" ODISJOATY 
-cen sere = "aT OUIOD 
“P= =" “TA TTIOUOW 
"=" ""*9pDUBL) O10 
soesreecse* TOMO 


TeieeresTos)* 2 *' SOOT 
emma OL0Uc) Pst | 


“yueyd yo worye00’7 


“ODA 09 JUOUIED PULI}AOg So}VIgG W9}SOM OL, 


“IODC ee Ee Ee OO JUEUIED YOI1BUO 
“OOD MoT OK FUOUED PUB[ZIOg BOT 
"Oq= * "ort eere2e2O AUOUIAD PUBLIC JaUUOg 
“OOD M* "7" OD YUSUTND puByJOg eAoLy YSVy 
:SBSUB IT 


““O* "0D FUELED PUL]I1O.{ S9}VIG W19}SOA\TT}IO N 


EO) CRE ee See OD JUSMND puvLAOg YITYI'T 
“OMT TTT "-O9 JUSED puBlPIOg eAVYMCHT 
‘BMOT 
Sheth ee Oe a ee sees’ “ON TTA 
ae Mee eY Each ee SS ONT 
bee, Gen a aS er es 7tre8" "8 "ON TIT 
OG ee SF 0D ous) TeSOA Ty 
i Oa So oy moreerreses= "Or quaMeD ANSNpuUBY OL, 
B10 0 ae i ee Cale gra OD JUEMAD of[[TAsTNO'T 
0 al ee eee eee 02 JUSMeD puLlog YsIYo'] 
"BUBIPUy 
"20 Ge ce eee 09 JUeMIAD AYsnpuBY oy, 
“20 Cee “OD SuLIMJoRNULY JUEWID oyjonbaeyy 
"9d °"*> OD JUSULED pUv]}IO 7 UBOTIOUTY-UBULIOs) 
Sa) Cline yo eee OD JUSWAD PUv[}IOg YSTYo"] 
:STOUTTTT 
“"Od° "7" "0D YUOUTID puv]}IO soye1g Wey}NOg 
:B13.100¥) 


“Od "77" "70D JUEUIED puBlyIOg sozV1g poyUg 

BEY dike eee eg Nae OD JUSWAD PUBTIOG OpBIO[OD 
:OpB10[OH 

"Od" **** UOTyeB10d.109 YUNA) pueyyAOg paepueys 


"SOG" ar ee “OO JUSWAD puro ZIAD BYPUBS 

*£O Ce ee ae "* "OF JUOUIAY) PUBLHOT OpIssaTy 

"Od" poyepTosuog “og yueUIeD puvlyoOg Oyeg 

"OM 7777777770 YUOUIED PUBLyOg YTOUOW! 

"OM" 77777 7709 YueMIaD puLT}WOg 97eIg Uopfoy 

BS OG Sa ante eee OD JUDULAD PULL}IOT [[AMOD 
:CLULIOJITVO 

“qr ttt ttt 0d JUTE pUL].AOT PIepueyis 

Cie ae ae ee -- "O09 JUNIO puBL}AOg BsooD 
seUIeqeLy 


‘Aueduoo pure 07e49 


‘AUNPD{NUDUL FUAUWAD UL UOYDeYDIOA YbnNOLY) S80] PUD S)DLJajDU MDL UL YsDjod fo WWaIHOA— | ATAV J, 


6 SHHAD 
Ne} 


S| 


SHHGGAIS BSSAM 


mare 
AOSons 


CONSP MOIS HDoorecd 


es 


. 


INANDPOOAND MmOSMN 
=o 
oO uD 


h~X PO WMANOGTAA~e HT ARMS OD DH POD OMWMODAANAH SOr ame 


A 125 BO oO 


SB SS SdSdsdas FG Saovins a 


oie OWE se i ary Ce) | mye 
raises 


RECOVERY OF POTASH IN. THE CEMENT INDUSTRY. 


bam! 


. 


are 


‘09 uoTyeIderg U191SeM ET} q poddns uoneursosuy a 
*poulnssy p 

“Zurminq JO} pesn pio ‘GQ {3uTuING 410} pasn sed ‘4H ‘suTUING Joy pesn [eod ‘FD ‘ssedo1d yom ‘AA ‘sseooid Arp ‘qj 9 
po] BdI PUL ost M10y}0 Ssojun ‘Aueduto0a Aq peuddns UOIeULIOJUT, Q 
*po}GoIPUI OSIM.19410 SSo[UN ‘sloInNjovjnueY, eully pus ‘winsdAy ‘yuouIeD Jo Al0JOeIIC, D 


CFS ‘F PE e 681'8 aa 6g" 760 = |) 000.0...) sease SHOMOdNg Ode" “"** OO Juoula) puelyog Joyiedng 
08%'% | 910‘¢ 9662 99° 09° 809 O00 8 |5=-- ospmg Aeg | OMe ne ‘09 jueute) AYsnpueg ey 
T1G‘h 1¥6'3 | GST‘OL | SF" ¥6° 009 008, tester ee UO | DCE 09 JUOUIED PUBIWALg UOJUOIT 
eg‘ «| GIS‘E =| BEE 9 19° yo" | 089 OOS 'T = |7 7 "WouUBIg OIPPIW | “OG 0) JUEUIAD PUBIIIOg PUOUIvIG 
£61 ‘8 988 6206 It 99 P89 000“ ereyseo | OM *" 00 JUEUIOD PULIIIOg ee 
oge*2*' -| 998°TT” | 90B6T > | SL" 18" £69 OOO Fe |e c 5 925: UOSPI | OMG ss “0D JUoMIED PuL]}I0g ToyooqioyoUy 
19'S | 989 £8 ‘2 19° 19° L6G DOOQNGS.. |ss ee CAO SOMO | Oa 5682 5 ic | ee eee “709 JUeTIED B10q10PIOH 
Ger 'F 9ST ‘9 969 ‘OL | 18 88° Z09 000% = |7777** SIIBA SMATD |" "OG~*"777 7°" "09 queuIED puLT od S[TeT SUETH 
FIP 968'S | 0166 TL" 08 _| 619 000 % qutog puepywodg |"Od7 777 woTe10d10D JueuIED Bsnke) 
OL‘S | 090'FT | OO8‘6E | FLa 99°q 009 O00! 9'q. [225-322 = WOSPO AL .|- “OG 11. ""* 700 JUAN PULTOg sey 
09% ‘¢ $56 ‘9 FIZ‘OL | 19° 9¢° 809 p O00fE | fit TT 177" WOSTY |" "OC" "SHIOM UMD PUCT}IOg WeolloULy 8, WesTy 
£61 ‘8 ZS iL cle‘st | €9°¢ 28°49 G29 OOQE Sg) =| es sax QT MOULON |S Odie 09 JueuIED puLyyiog eydiy 
106 G8 ‘b | SELL T¢° 19° 809 P 00s GUIDE iA a8 Aree "WoT eIodI0) ywueuIED Ton 
de i 
840 ‘6 PEG‘ET | TLS IGS] BS" gg" OF9 DOO; 5 | seer OTMBOTEAS | OG: et s5 0D JUEUIAD PULT}IOg o4TUvIIN A 
8hO FL | O8% 1 | BE GE | OL" 69° 069 000 8 Be eee OAC TUN MONG OG ena OD JUSUIED puL[}IOg UOSIPA 
L860L | 6IZ‘ST | 9ST‘9S | 68 £6" G29 002 “b @ BUC iV, OG 2 Oe ements aod 
gte‘e | 0F8“9 9ST ‘OT | 22° 9° G29 O0GE Ge Ps ses sO edtiy || eee Ses 0D JUSIED PULT}IOg eee 
; ; 7ey NC 

1169 | 268°8 =| 698°GT | HOT 9L'T 809 P OSG ee ae: qUOPInL | “Oa Cee) Dae ee on 
core. | 92018 = | OOL TT” | 98° oh" 009 OGG | 3s Fea OI MUS g) | Fee ona ee ns Ses abe seth aeeaste Ato ty 
6g ‘9 TPS ‘OL =| OOBTOE | LL" 08° 009 00¢ *¢ pee MM OOdSOT er | 9 Coie ee 0D [eHoxeM 7 puvg WOTU/) 
Tel ‘e 019 ‘¢ TPL‘9' | 88" ay" Zb9 O0S'S = f777 "TeyMoUNWOD |""Od 7 OD JUEUIAD PULLIJOg [e}WOUTUO) 
SIL | 88h'e £09 °2 T¢° 99° 079 008‘T = 7 - “Neepsrerry odey "Od 0D JUEUIED pULTIJOg Neepselty ede 
8h ST | CLF FG | 006"6E | G6" 69 009 QUC 3a eenn=s NEQUE J SORE, SRS ees AS 00 Ta Pa ee sng 
ont oor‘ | zie | ee 0z° r19 OOO bats [gett rss MOUNT |G (OC eee ae ee aa 0D JUEUTED PULL} ae ee 
SPF T 986 °% PLE > Le 18° Oro QOOfT = |-77" 7 -ey0pued mM [OG “09 yWouIED puelyIog oyopues M 
290 °% 196 ‘¢ £10 ‘8 18° 1" 129 008 ‘T Adigy TUOUTOD: 1 OMe <5 Sse oe 0D JUSUIED PUBfJOg IepnsuTMEg 
816% | 88hS | 99L°G TS" 9¢° Lo QOS ol i AMOI | Oe a ae 0D JUIUIED PULTOg sso[1o0g 
OLF 198 '¢ bere | LL. ZL L6G QUST (|: ests? Stormo | OM OD JUOUIED pur}Iog UeYdAs| MON 
LIG‘Z =| ELIZ £96 ‘F 09° G9" geo 006 ‘T $e nos ONT OMe eo 0D JUOUIE) puelIog WestyorWy 
GEB‘ZL_ | OOZ*ST | S20 '8e | 08" 68° 029 OOF is Se iaee se GLE ips foe Dae ee "00 JUoUIED puL]}IOg WOIN]T 
69¢'2 | 099'% | 62% 6G Gg" Sh" 809 TO NSS Seer OHACHORE IE (Oe = = ie es 0D JUSUIO) PULpyIOg JANG 
Oor‘s | 0%L‘h | 0882. | 69° GL" 809° 008 ‘E # oo: Lie MONO CAO Aig = 97.8 gee a 00,7 7omtaO Pre iod en ey. ar 

= ‘aesTYyO! 
PLE‘OT | 66 °9 QOPSLT. | OF" TL* 19 000‘F. = |-** -e3pligq WoTQ | Od" °"7°*77777*- OD WoUIED PULT}IOd 1oj}VMOPTI, 
0gs “2 026‘TT | 008“6T | GO'Ta | OT'T@ | 009 QO0% eee et ieee Aine | Od se 09 oul] 77 yUeUIED aT ay 

. :pu W 
00 2 s6r’9 =: | 00S ‘ET =|: Lg" cL" 009 COU Sagar able: “e[epsomMsoy | OG. OD JUEIED PULT}IOg SOUISOy 
/ ices 2 cite ee a :Ayon {Ue yy 


BULLETIN 572, U. S. DEPARTMENT OF AGRICULTURE. 


6 


6it 26°% £°Ob 169 ‘6 191 ‘IT ; : 
; : : 208 ‘0Z 68 £0°T Z ‘ mave/sibfaleinve ne OPO DOC OD Ane 
a 29 6°98 wer 86 set's | eue’e =| 82° 62" are Pee clnexncmbae Pa 8 ane a "**"09 quomIeD PURL}10g YSIYO"T 
SOT 99°2 g"99 e069 909‘¢ 800 ‘ZI ag" eh OM 09 JUOUIED PUuwl}IO TF WUBI, 
; : : : ; : sees Qi § 55 § RISA: BYUTBIT 
Laid 7 H 6°68 oto | root «=| 98'2 | ¥" +6" Od e Rei we sti eae area a0 Decree 09 JUEMIED PueTII0T wont like 
6°96 wol'e — | Sel 48‘ | 90° GL" ee9 i Ce tN AIP TS airtel Jo 09 JUEUIED PUBTIIOT 
e') €8°I 6°88 1s"¢ Sinte Billie 2 : ) JUeIED puB]IOG UEpZO 
rf ol ’ ‘ ‘ 92 GL ‘ ee sceces Perce ee ae ee ay! 2481, 
ser | the joer | pvais | /ereiet Jogi | 18° | 0: ‘ORI |, Pn RRR ls BS eS pee se chaste SALE cng 
s i ; c Or ‘ wlavaintatelmiaterste {Cpl FER! Vs a aR. Wr USUIOA PUBlIIO TF SBXO 
gL wt =} z't9 «= | 60a‘) gest =| gots (| 08" Ly Pa Oot |etee*soprpaquoumoy |“ode sot pe renter OMe wisdaTON 
; 3 , OQ pus]}iog OfuojuYy ues 
ah BY x oe FILS §=— | BOLL = | OPTLT | TS" IL" ¢19 000’ tres *A919 preuory | omc ‘Sexe, 
ses‘6 | oze’6 | ror‘er | €9° IL" 029 Bo a [ [nexancator momar sy | eee += 0) (OWI) PULWOT OXI 
L 92'S 9°09 +ar'6 bets eet a DI Od” UoTye10d100 yUOTIOD puLTJIOg Pleyyour[O 
A i f C 122° 6 saints gerne Sent =) ee seossouue 
lee fe; eae 9¢2‘2 | 089‘EL | 916402 | 98° 9g" Tag Ait Mf BBaee eter Sey cay @ dose Renee 09 SUPNJoRNUBHT JWOUTSD TUS A 
b'8 £0°% a aie pry ‘ 912 1 LG" og" 809 OOF settee eee en ee x bela i Gee eee OD JUOUIO,Y) PUB][HO [CSIOATU/) 
8°8 rL'% 6 FP aH 669 | 800 21 | fh" 62° 809 0 noe'g, _-|-*==>*=ssenomeedse oe... savd-ganel 09 yoo AYSNpUBY OY,L 
C2 DB't Aine v, 998 4 PZ‘FL | 69 81° 019 AT ee Ress aaeg |** eee see OD PERO) PEwa dy Sseo dL 
pet eee We peL‘e | 990'¢ | 096 | TL* GL 009 HERDRIe _ folaseabllalraRVaURe cE Ieee) pois rescae neces alae 09 JuowIeD vruwayAsuUO g 
P ¥) 6L ‘T I ly vor (il BOL 6 6E8 (0% #9° | 8° 029 : 000 ‘F ose esenesen papa - Od a Sia alminie(netaselalelereie nist mitre 0) PUTO) Uol[y-aue 
8°6 Pal Suey Ties (leerer | iatadee | Mer ae 409 9ze‘zp |°*7777Aedog 480 aoe aan epee aetna 09 qjuoulan WewzeN 
9'6 8e° * = ‘ ‘ ‘ 5 . 909 006 $p Teliahal elicit he F000: OO Wal Rican am a a a odee- a 
POI £6 % ee Soa pt ne iF G10 96 | 99° BL 129 DEGNG peels tes arse Mo N = aise nea vipa ein 672i ele Te = etcle e aeeae od 
CIT ZBi'S LSP 866 ‘ZT iG LOT (06 Lb" tL 809 La9‘pp fort sopasposoyg |" Od ¢ - 2 
o"OL 692 ae , ZEST | OE 8S | 88 10°T O19 Yi a posorg |--pDae 02 JUETIED PUBLHIOg UStqOT 
26 $2 °S Pp tg uBY el 01% (It Ov9 (be 6s" LL OF9 ONgeip: paper se srs sce se 4 kg 8 “s vod rece. ak $25 9) USUIED) puel}iog sueIMe'T 
8° OF-z lise 628 9 809 4 Leb ‘et | LLP G8 ‘p TO it Alle ++ +-q40 Peete | Spe coca wtsc conkpee 09 JUSUIOD PUBIOT FUBIH 
Zh 96'T sir apace balan @ la oe a E 19° 089 goge ||reneetes mane TAS |=" OO co ei an8sh Deen Tate aT 
: ‘ ; ; : #o° ‘ niajeialere misses Cal: i Rg ease RD TOR Lito eae are 0 
ey an ee poe 060 Us COP 6 zog ‘aT | 8" 18° ae uM 8 Pee menetia mene x0 eee scwaie : 09 suLNjoeNUBW FUOUTOD Ke{dog 
€°rl 23°S t BLS Lc 891 (th OVO TL 1L‘p bL°p 009 000‘9Tp |77°"* uoydurey} ina pest TA aig Sal = Ek 17500 JuUeMIED pueyjiog weg 
‘°C Tel ‘bY OFZ 8% | 09%'62 | OOF LG | LL" 26° 0°29 000‘0Lp |"°7 "49010 Suite aE se er cine eth 3 ""00 JUSTO) PUB]IIOT SBV 
O'LF L828 GOL ‘8 266 ‘9 6£'p OF ’P 809 9 o0g’g  |rr***** “eypfasue wt 10 eeeasines gear 09 JUEUIOD PULIWOd BYeTy 
26 $2 £68 e829 | Bar‘ ‘ eae SO Teer RIMARARNE 
19 OFT 6'FF Bode 88F OT 116 LT 26° 96° 909 000'e wetereeeneeesegpy Jorg grit arcig seruBATASUUO 
"quao lad “spuno 799 L . Boe G 0ZL 6 LY 0 #¢ 0 009 000 ‘9 CHE!) CM hd *KOMO *y\pp tte 9 a ar0;) PUCI}IO VmoyeT{O 
d |"? aq | ‘spunog | ‘spunog | ‘spunog | *7u99 sag | "799 sag | ‘spunog | *sjassog d | od O09 yUETIOD puLlyog Aomoq 
[Mon eer d | seWOY BAO 
ra ; “450] “suty “qUOUl “xT 7 ‘xT =| q-guour09 
Siem, | omoo | asta | meee | MO] wer | MO] wer [yo ed 
iferasOe polyeel ge], | MERION. | SRUEBIOC | etme pe Jod = | o:9ndyn0 | .. ed 
-yeurisy | Ysejod ee n cl axe ata pomnber | Ayieq quvld JO MoT}800'T “Auvduiood pusw 07849 
d Tred J _—uyysei0g ne 


Ayyep ur ysej,og 


_ 


‘ponuru0j—aunjoofnupwu quauad 4 
ponuryu0g—aunpoofnupu jus ui woynzyynjoa ybnouy) sso] puD spordoyoU Mou Uy YsDjod fo yusjuoj— J ATAV], 


‘maT[ND ‘Vv ‘¢ 4q opeur 019M Sojdures dsoy} Jo Joquint & Jo SesA[eue 94} TO SYDOYO—* ALON, 


*Aueduios Aq porjddns uorj}eul10juy p 

*peulnssy 9 

*paqVolpUr esIMIeq}0 ssetun ‘Auedur0s Aq pertddns UWOMVUlIOJ;Uy gq 

*poJLorpUl OSTMI9Y{O SseTuN ‘SIOINJORINUeA eM] pus ‘uinsdAyH ‘yUeMIaD Jo A10}00NIG D 


RECOVERY OF POTASH IN THE CEMENT INDUSTRY. 
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In a communication received from the manager of one of the large 
cement plants in the Lehigh Valley district the statement was 
made that the raw cement material used in this district contains less 
than 0.3 per cent. The samples analyzed in these experiments, 
however, indicate that in no case does the raw mix used in the plants 
of this district run as low as 0.3 per cent, but that some of these 
plants make use of cement material almost as rich in potash as may 
be found in any cement plant in the country. In general it may be 
stated, however, that high potash-bearing raw material is not char- 
acteristic of any particular part of the country. 

The values given in Table I for the potash contained in the daily 
production of cement were obtained by multiplying the output in 
barrels by the weight of one barrel (380 pounds) and by the per- 
centage of potash in the cement as found by analysis. To obtain 
the corresponding values for the potash 1 in the daily run of raw mix, 
the output of cement expressed in barrels was multiplied by the 
weight of raw mix required per barrel of cement and then by the 
percentage of potash in the raw mix. The difference between the 
two values as thus determined represents the potash that escapes 
daily from the kilns. As shown in the table, this varies in different 
plants from 0.35 to 5.14 pounds of K,O per barrel of cement pro- 
duced. The average for all the plants listed in the table when 
consideration is taken of the variation in output of cement of the 
different plants amounts to 1.93 pounds?! per barrel of cement. 

Omitting the plants of the Universal Portland Cement Co., the 
corresponding average for the remainder of the 99 plants of this 
country from which samples were received amounts to 2.09 pounds. 
The average for the nine Canadian plants is 1.95 pounds. The 
total number of plants in this country from which samples were 
received is only four less than the total number which operated in 
1915” and nine less than the total number said to be in operation 
in 1916. 

The average daily output of cement from the individual plants in 
many cases is considered confidential information. In Table I, 
therefore, it was necessary to give values for the output of the indi- 
vidual plants which represent capacities rather than actual produc- 
tion. The total annual production as obtained from these values 
is consequently much in excess of that which is known to have been 
produced in any one year. The values given for the potash lost 
per barrel of cement are, however, independent of the output. If, 
therefore, the average annual production of Portland cement in 
amount to more than a few tenths of a pound per barrel of cement. Any potash present, however, would 
tend to increase the value given for the amount of potash volatilized. Cf. R. K. Meade, Portland Cement, 


2d ed., p. 179. 
2 Burchard, E. F., Cement in 1915. Mineral resources of the U. S., 1915, Part II, p. 195. 
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this country be now taken in round numbers as 90,000,000 barrels * 
and if the same average conditions be assumed to prevail in the few 
plants from which no samples were received as was found on an 
average for all other plants, then it may be estimated that the total 
potash (K,O) escaping from all the cement plants in this country 
as at present operated amounts to 86,850 tons annually. 

The process at present most generally considered in connection 
with the recovery of the potash that escapes from cement kilns is 
electrical precipitation. The extent to which the dust may be 
recovered in this way is dependent, assuming proper installation, on 
the voltage used and the linear velocity with which the gases pass 
through the treater pipes. The volume of gases treated being con- 
stant, the degree of precipitation of the dust will be dependent on 
the extent of the installation. With present installations a recovery 
of approximately 99 per cent? of the dust has been obtained. It 
happens, however, that the finest portion of the dust escaping from 
any cement plant contains relatively the highest percentage of potash, 
and a 99 per cent recovery of the dust represents a somewhat less 
efficient recovery of the potash. 

In the plant of the Security Cement and Lime Co., where the Cottrell 
process of electrical precipitation has been installed, it is found that 
under normal working conditions, and with a daily output of 2,500 
barrels, the dust collected in the kiln stacks amounts to 16,000 pounds 
and in the treaters 45,000 pounds every 24 hours. The former con- 
tains on an average 4.5 per cent potash, and the latter, as analyzed in 
this laboratory, 11.4 per cent, making a total of 5,850 pounds of 
potash recovered daily. Asshown in Table I, the potash lost from the 
kilns during the same period amounts to 6,525 pounds. On this basis 
of calculation the potash recovery inthis plant amounts to 90 per cent 
of the total. If this value be accepted as the efficiency of recovery of 
the potash in the most economic installations, then the total recover- 
able potash in the cement plants of this country under present work- 
ing conditions amounts to 78,165 tons annually. 

The potassium compounds occurring in cement dust may be 
divided into three groups, as follows: (1) Those which are readily 
soluble in water; (2) those which are slowly soluble; and (8) those 
which are insoluble. 

The insoluble potash represents the combinations occurring in the 
original silicates of the raw mix carried over mechanically in the dust 
before bemg subjected to a sufficiently high temperature to bring 
about decomposition. The form of combination which is slowly 
soluble in water is supposed to be due to a recombination of the vola- 

1 Burchard, E. F. Loc. cit. 


2 Schmidt, W. A., Paper presented at the meeting of the American Institute of Mining Engineers, 
Globe, Ariz., Sept. 21, 1916. 
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tilized potash with the silicates in the dust. In some plants where. 
coal is used for burning the extent to which the potash occurs in this 
‘‘recombined’”’ form may be considerable, while in certain other plants 
-where oil is used for fuel this combination of the potash occurs in com- 
paratively small amount. In Table II the percentages of the 
different forms of potash occurring in a dust from a plant which uses 
oil for fuel and also from one which uses coal are given: 


Tasie IT.—Percentages of the different combinations of potash in fue-dust samples 
from different sources. \ 


Cement dust from— 


Combination. Riverside] Security 


Per cent..| Per cent. 
Aeid-ansolublepotashs Re O} Jared. tbe ee Pe eS ee er ee eee 0.2 0.5 


Slows, Suliible PULAshie wens. ans ca a PO co BL ee oe ee ee a; 41 
Weatersoluble potashss-.er rae SASS res eee Meee eer ece Pee ee Bee seen 9.8 6.8 
Potala £20 es 44 EP SO ee. ABE oS Oe eee. eee 10.7 11.4 


The determinations of the soluble potash in these samples were 
made by boiling 10 grams of the sample in 500 cubic centimeters of 
water for one-half hour as directed in the Methods of the Associa- 
tion of Official Agricultural Chemists. The insoluble potash was 
assumed to be that portion of the total potash which remained 
insoluble aiter boiling in a 5 per cent solution of hydrochloric acid. 
The difference between the total potash and the sum of the soluble 
and insoluble portions was then taken as the proportion of the 
potash which is slowly soluble m water. 

In a previous publication it was shown, as already stated, that the 
greater part of the potash in feldspar may be made to pass mto solu- 
tion by digesting with lime under a steam pressure of 10 to 15 atmos- 
pheres. In cement dust as it escapes from the kilns the slowly soluble 
and the insoluble potash already are associated with a considerable 
percentage of free lime and consequently it was thought that the 
greater part of these constituents might be recovered in soluble form 
by digesting the dust with steam alone under pressure. This has been 
‘found to be the case, and with the Security cement dust it has been 
‘found possible to recover in this way in soluble form and with little 
increase in pressure upward of 95 per cent of the total potash present. 
If it be assumed, therefore, that it would be practicable to recover, 
or render available, say, 95 per cent! of the potash in the recover- 
able dust of cement plants, then the recoverable and available 
potash escaping from the cement plants of this country amounts 


1 In the case of coal-fired plants it may not be possible, with present commercial apparatus, to render 
soluble as much as 95 per cent of the collected potash, but there is no doubt that as details of commer- 
cial apparatus are perfected this value will represent a fair average for the different plants of the country. 
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approximately to 75,000 tons annually. If, however, the dust 
from all plants losing less than 1 pound of potash per barrel of 
cement be considered as too low grade for use as a source of fertilizer 
material and the figures from such plants be omitted in the calcula- 
tions, then the value for the available recoverable potash in the ce- 
ment industry of this country as normally operated becomes 71,000 
tons annually. 


PERCENTAGE OF VOLATILIZATION OF POTASH IN CEMENT PLANTS. 


As shown in Table I, the proportion of the total potash (K,O) that is 
volatilized varies in different plants from 24.5 to 95.9 per cent. The 
lowest values were obtained for plants widely separated from one 
another. In the Hudson River district the percentage volatilization 
varies from about 30 per cent to 45 per cent, and inthe Lehigh Valley 
district from about 40 per cent to 60 per cent. In plants situated in 
the northern Central States considerable variation was noted. The 
highest values were found for plants located in southern California, 
and in Colorado and Utah. - 

It may be pointed out that as much variation occurs in the per- 
centage of potash volatilized trom plants using oil as from those 
using coal. It is also to be noted that the average percentage 
volatilization (46 per cent) in plants using the wet process is almost 
as great as that (47 per cent) in plants using the dry process, and 
in fact the highest percentage volatilizations, 95.9 per cent and 
90.7 per cent, were found for plants using the wet process. This 
result is contrary to what seems to have been the general opinion 

.among cement manufacturers, as indicated by the following excerpts 
from communications received from two firms using the wet process: 
(a) “Our plant is a wet-process plant, and the amount of potash 
which goes up in the air we figure is infinitesimal as compared with 
plants using the dry process of manufacture.” (b) ‘In our manu- 
facture of Portland cement we use the wet method of grinding 
our raw materials and in a short time I believe the entire cement 
industry will depart from the present dry method and adopt the 
wet method so that there will be no more precipitation of volatilized 
potash in our smokestacks.”’ 

That a smaller proportion of dust should be carried over mechanic- 
ally in the wet-process plants is to be expected, and the loss of dust 
should be particularly reduced in those plants in which the kilns 
are provided with cross-partition plates which continuously raise the 
wet slurry and allow it to fall again as a spray. Judging from the 
observations that have been made in other industries, however, it is 
not so apparent that the wet process should retard very greatly the 
escape from the kilns of that portion of the potash which actually is 
volatilized. 
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Thus, R. J. Wysor* has shown in an investigation on the escape of 
potash from blast furnaces that the specially designed tower spray 
washers used for purifying the gas from the blast furnace are only 
moderately efficient in freeing the gas from the finest dust particles, 
and that much of the water-soluble alkalies remains in the gas 
current after leaving the washers. This result is explained on the 
ground that the particles of fume are in such an exceedingly fine 
state of division that they escape contact with the relatively large 
drops of water: 

Experiments to show the effect of variations in burning on the 
volatilization of potash have been made recently at the plant of 
the Security Cement and Lime Co. It was found that as the burn- 
ing conditions were varied from normal to such a temperature as 
to give overburned clinker, the percentage volatilization of the 
potash increased from 31.6 per cent to 42.6 per cent.? 

A similar result was obtained also in this laboratory in the analysis 
of seven cement samples furnished us by the Tidewater Portland 
Cement Co. The samples were collected successively as the burning 
was raised from a temperature giving a very soft clinker to that 
sufficient to make a very hard clinker. Corresponding samples of 
raw mix were collected at the same time, giving a composite sample 
which analyzed 0.71 per cent potash. The results obtained in the 
analysis of the cement samples are shown in Table III. 


TasBLe Ill.—Effect of variable burning on the liberation of potash in cement kilns. 


ue evans é ns a el 
Potash in of tota : otash in of tota 
Sample. | clinker. potash i Satie: clinker. potash 

| volatilized. volatilized. 

en hs | | 

Per cent. | Per cent. Per cent. Per cent. 

INO! tas APF ae 3 obs 0.69 40.0 WVNorhs Sea ey 0.51 55. 
i fe ar Dees pel ae .70 | 39.1 No Oss eee 44 | 61.7 
Ng Sos = oat ee. -58 49.5 NOM Disa eye, . 48 58.4 
LOE PE eee he ee . 4 50. 7 | 

i | | 

a Very soft. - b Very hard. 


These results show that the potash volatilized increases with the 
temperature of burning, but the increase apparently is not sufficient 
to attribute the great variation in the potash volatilized in different 
plants entirely to differences in the temperature of burning. 

That it is possible also to bring about by chemical means an in- 
crease in the amount of potash volatilized has been demonstrated 
recently at the plant of the Security Cement and Lime Co. This 
is effected by adding ordinary salt both to the raw mix and to the 
coal used for fuel, and in such quantity that the total added amounts 


1 Bul. Am. Inst. Mining Engineers, 121, 1 (1917). 2 Anderson and Nestell. Loc. cit. 
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to 1 per cent of the raw mix. The salt is added in the solid state and 
is brought into intimate mixture with the raw mix and coal by being 
ground with these materials. The quality of the resulting cement 
is in no sense impaired by the addition of the salt, for it is found that 
the total alkalies in the clinker when salt is added to the charge are 
actually less than when no salt is added, due to the fact that the per- 
centage of the potash is reduced more than the percentage of the soda 
is increased. By this treatment the percentage of the potash vola- 
tilized, which at this plant normally runs about 38 per cent, is in- 
creased to about 65 per cent. Assuming that this percentage vola- 
tilization (65 per cent) could be attained by chemical or other means 


_ in all plants where a lower volatilization normally prevails, then it may 


be estimated that the recoverable available potash in the cement 
plants of this country would be increased from 71,000 tons to 101,000 
tons annually. In making this calculation it is assumed as before 
that 90 per cent of the total potash volatilized is recovered, but 
that the additional recoverable potash is all availaole. 

Other processes that have been proposed for brmging about an 
increase in the volatilization of the potash involve treatment with 
such reagents as calcium chloride,’ calctum fluoride,? sulphur dioxide ,? 
and steam.° 

The method of increasing the volatilization of the potash by use of 
calcium fluoride as proposed by Huber and Reath * has been tested 
on a commercial scale and is worthy of special mention. In this 
process the fluorme compound is first added to the argillaceous com- 
ponent of the cement material in the form of fluorite and in quantity 
approximately equivalent to the potassium present. This material 
is then properly proportioned with limestone to give normal Portland- 
cement raw mixture and burned in a rotary kiln in the usual way. 
Volatilization of the potash under these conditions largely takes 
place im the form of the fluoride, which, as it escapes from the kilns, 


‘becomes associated with the salts of calcium carried over mechanic- 


ally inthe dust. It thus happens that when the dust is leached with 
hot water the potash passes into solution as sulphate or carbonate, 
while the fluorine remains behind as insoluble calcium fluoride. On 
using the residue as cement material the same fluorine is fed into the 
furnace again and may thus be repeatedly used in bringing about 
increased volatilization of the potash. 

1 Herstein, B., J. Ind. Eng. Chem., 8, 426 (1911); Ross, William H., Circ. No. 71, Bureau of Soils; Brown, 
H. E., U.S. Patents Nos. 1,123,841 and 1,124,238; Ellis, C., U.S. Patent No. 1,186,522; Spackman, H. &., - 
and Conwell, E. L., U.S. Patent No. 1,202,327. 

2 Ellis, C., U. S. Patent No. 1,186,522; Huber, A. W., and Reath, F. F., U.S. Patents Nos. 1,194,344 
and 1,219,315; Spackman, H. S., and Conwell, E. L., U.S. Patent No. 1,202,327. 


3 Spackman, H. S., and Conwell, E. L., U. 8, Patent No. 1,202,327. 
4 Loc. cit. 
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RELIABILITY OF THE RESULTS OBTAINED. 


All potash determinations were made by the J. Lawrence Smith 
method, modified by converting the chlorides into sulphates to insure. 
against loss of potash on driving off ammonium salts and then pro- 
ceeding as in determining water-soluble potash according to the 
Methods of the Association of Official Agricultural Chemists. The 
duplicate determinations in every case were made by different per- 
‘sons and each percentage value for potash in raw mix and in cement 
thus represents the mean of the results found by two analysts. No 
percentage values of which a mean was taken differed by more than 
0.12, and most differences in results were well within this limit. 

When requesting samples for analysis from the different plants 
attention was called to the importance of selecting cement and raw- 
mix samples which correspond as closely as possible with one another, 
and which were representative of normal working conditions. This. 
request seems to have been observed by most if not all plants, and 
judging by letters received it appears that a great deal of care was 
taken by many cement officials in collecting the samples. Each 
sample selected for analysis was reduced to a fineness of 175 mesh by 
grinding the portion which failed to pass through the screen, first in 
a steel-ball mill and then by hand in an agate mortar. The mills were 
not asked to make a distinction between the ground clinker and 
finished cement, for the extent to which these would differ in compo- 
sition in any particular case through the addition of gypsum to the 
former was not thought sufficient to have any material effect on the 
results. 

Analyses corresponding to those given in Table I have been made 
by the Western Precipitation Co. of samples from five of the plants 
listed in the table. The results obtained are compared with those 
found in this laboratory in Table IV: 


TaBLE IV.—Comparison of results of analyses made by the Western Precipitation 
Co., and by the Bureau of Soils of raw-mix and cement samples collected on different 
occasions. 


Potash in raw mix.|} Potash in cement. 


Company. | Western | "| Western 
eee Precipita-) Bee |Precipita- 

* | tion Co. * | tion Co. 

| 

Per cent. | Per cent. | Per cent. Per cent. 
Olympic: Portland CententiCo 3:2. $2 ek ee, ee ee 56 | 0. 42 5 0.45 
Pacinic ortiand:CementiCoss 2). tks 225) See LS eee =SOn .52 . 50 43 
Santa Griz, Porteand) Cement Cos. 2. ee 2 es ie eee . 76 | . 76 33 - 28 
Portiand Coment Goro! Uta et ee ee ee ee eee 94 .92 24 | ail 
Security Cement and Limoe\Cost. ).2-7 teuiad. 222. J. 2 1. 29 1.12 1.05 — 1.02 


1 Written communication. 
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The two sets of analyses shown in this table were made on different 


samples collected from four months to six months apart. The close 


agreement in each case affords evidence that at least for these plants 


the samples collected are representative, and that the potash content 
of the raw material used m cement manufacture is surprisingly 


uniform. : : 

Further evidence in support of this conclusion is available. Thus, 
R. K. Meade, consulting engineer for the Clinchfield Portland Cement 
Co., reports’ that he found 2.49 pounds of potash volatilized at 
this plant per barrel of cement, basing his calculations on the 
results of analyses of samples secured about a year prior to the 
time that our samples were obtained. This result differs but 0.03 
pound from that given in Table I. Again, of two samples of raw mix 
which were collected and forwarded to this laboratory nine months 


apart by the Tidewater Portland Cement Co., both were found to 


contain 0.71 per cent potash. 
It may be pointed out also that as a rule those plants which are 


situated near one another and apparently use material from the 
same geological formation show much the.same potash content in 


the raw material used. Thus, there may be compared in this con- 
nection the different plants at Bath, Pa.; Nazareth, Pa.; Fenton, 


Mich.; Mason City, lowa; Concrete, Wash.; and Hudson, N. Y. 


The values listed in Table I for the weights of dry raw mix 
required per barrel of cement show greater variation than might be 
expected, and it is possible that some of the values given may depart 


somewhat from values representing true working conditions. Where 


no values could be obtained it was assumed that 608 pounds of raw 


mix would be required per barrel of cement. It is recognized, also, 


that in individual cases the samples collected may not be representa- 
tive of normal working conditions, but from the observations made 
it is thought that in the majority of cases the results given are repre- 
sentative. | 


ESTIMATED PERCENTAGE OF POTASH IN THE FLUE DUST FROM 
DIFFERENT PLANTS. 


The percentage of potash occurring in the flue dust from any 
plant will vary (1) with the’percentage of potash in the raw mate- 
rial; (2) with the percentage of potash volatilized; and (8) with the 
amount of dust carried off from the kilns mechanically. 

As already pointed out, the quantity of dust collected daily in 
the flue stacks and treaters of the piant of the Security Cement 


and Lime Co. amounts to about 61,000 pounds. .If it be assumed 


that this represents a recovery of 95 per cent of the total dust, 


1 Written communication. 
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then the total dust escaping from the kilns of this plant amounts 
to about 4 per cent of the charge fed into the kilns. If it be assumed 
that the dust thus collected has undergone about 50 per cent calci- 
nation, then the true loss of raw mix in the form of dust will amount 
to 5 per cent, which is recognized to be a fair average for the plants 
of this country using the dry process. In calculating the values 
given in the last column of Table I, the dust lost from the kilns in 
plants using this process was accordingly taken as 4 per cent. 

On this basis of a 4 per cent loss as dust, the potash contained 
in the dust from the Security plant should amount to 10.9 per cent. 
It happens, however, that 27 per cent of the dust, containing about 
4.5 per cent of potash, is collected in the flue stacks which connect 
the kilns with the treaters, and, therefore, the remaining dust, 
assuming a 90 per cent precipitation of the potash, should contain 
11.1 per cent of potash. A sample of this dust analyzed in this 
laboratory was found to contain 11.4 per cent of potash. 

The quantity of dust lost from plants using the wet process is 
dependent on a number of factors, such as the dimensions of the 
kiln, the amount of water in the slurry, and the plasticity of the 
raw mix. Estimates which have been given the writers vary be- 
tween rather wide limits. On the basis of the most reliable infor- 
mation obtained, it is probable that a loss as dust amounting to 
2 per cent of the raw mix is a fair average. This value was there- 
fore used in estimating the percentage of potash in the dust from 
wet-process plants. The actual potash content of the dust escaping 
from any plant will be greater or less than the values given according as 
the true percentage of dust lost is less or greater than the value cited. 

As shown in experiments which are to be described in detail in a 
subsequent publication, the usual constituents of the water extract 
of freshly collected flue dust are sulphates, chlorides, sulphides, and 
polysulphides of potash, soda, and lime. Chlorides occur only in 
small amounts. The percentage of sulphides and polysulphides in 
the dust from different plants may vary greatly, and in some cases 
they may be entirely absent. Free lime is found in all cement dust, 
and in the water extract of all samples analyzed the basic radicals 
were found to be in excess. It follows, therefore, that the potash 
in the water extract of freshly collected flue dust will be present to 
a greater or less extent in the form of the hydroxide. As the dust 
becomes carbonated either by chemical treatment or by exposure to 
the air, the hydroxides present will change into carbonates, and the 
water-soluble potash then will be obtained principally in the form of 
the sulphate, which is the form universally recognized as of most 
value for use as a fertilizer. 

The flue dust as collected by electrical precipitation may be (1) 
used directly as a source of cement material; (2) disposed of as col- 
lected for use as a fertilizer or in fertilizer manufacture; or (3) leached 


RECOVERY OF POTASH IN THE CEMENT INDUSTRY. 1e¢ 


with a view to preparing concentrated potash salts. . The value of the 
dust as a source of cement material is estimated usually at about 75 
cents per ton. The value of potash in the form of sulphate depends 
on the concentration and varies at normal wholesale prices from about 
70 cents per unit for low-grade material to about 90 cents per unit in 
material containing a minimum of 48 per cent potassium sul- 
phate, or to 95 cents in material containing a minimum of 90 per 
cent potassium sulphate. Thus it is seen that a comparatively low 
percentage of potash in flue dust is sufficient to give it more value 
as a source of potash than as cement material. By separating and 
concentrating the potash occurring in flue dust the price thereof per 
unit is increased, the cost of transportation is reduced, the residue 
becomes available for cement manufacture, and if the process of 
separation involves some such treatment as steaming under pressure, 
the percentage of available potash in the dust of some plants at least 
may be increased considerably. Against these advantages incident 
to the separation of the dust must be balanced the relative cost of 
the operation, which will be dependent on the percentage of potash 
in the dust. The best method of disposing of the dust is thus de-_ 
pendent on a number of factors which will vary with conditions, and 
it thus happens that all of the three procedures referred to for utiliz- 
ing the dust are now being given practical application in plants 
where the dust is being collected by electrical precipitation. 

The work so far done on the recovery of potash from cement plants 
apparently has been limited to plants using the dry process. No 
installation for the electrical recovery of the dust has yet been made 
in plants using the wet process, but it is probable that the electrical 
method would prove just as applicable to plants of this kind as to 
those using the dry process. At the temperature at which the gases 
leave the kilns no precipitation of water would take place, and as long 
as the temperature of the gases is maintained above 100° while pass- 
ing through the treater pipes little condensation of moisture should 
occur. The dust in all probability would be precipitated either in a 
dry state or as a mud or slurry. If precipitated in the form of a 
slurry, no electrode hammering system would then be necessary, for 
the precipitated material would flow down the pipes continuously 
and a concentrated solution of salts would thus be obtained directly 
without the necessity of any special treatment. 


RATIO OF POTASH TO SODA IN CEMENT DUST. 


The extent to which the potash salts in flue dust may be concen- 
trated conveniently is dependent in a large measure on the proportion 
of sodium salts also present in the dust. It was, therefore, thought 
advisable to determine the proportion to be expected for a number of 
plants with a view to gaining some idea as to the quantity of soda that 
might be contained in the dust. The results are given in Table V. 
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TasLe V.—Comparison of the amounts of potash and soda lost in cement manufacture. 


Loss 
Raw mix. | Cement. pete Ra- | barrel of eras 
* | Hoof) cement. | pot- 
Company. Plant. psi __lash te 
mi soda 
Pot- Pot- Pot- age | Pot- in flue 
ash. | Soda. ash, | 5°48-| 5.p,. | Seda.|losses. ash, | Soda. dast. 
Deh e att we, ct. Fé. | Potts) Pct.| Ebs. | Lbs. 
_— Portland Cement | Martin’s Creek | 0.92 | 0.48 | 0.77 | 0.50 | 49.1 | 36.7 1.34} 2.82] 1.10] 2.56: 
Grmachtild ottiand 66-1!) 77| .39| .63] .48 25.8/ 1.96 | 2.46] .63| 3.90: 
ment Co. wn 
Cowell Portland Ce |........5..22.-- 59) .43 | .55 | .49 28.8 | 1.45; 1.50| .75.| 2.00 
ment Co. | 
Edison Portland Ce-|...............- 69] .59| .70] .49| 39.8] 50.7! .78/1.7%6! rok] 92 
ment Co. | | 
on Portland Cement | Egypt........ <4 4. .02| 2.004 Jot | Of.5 | 34.9 1 1-56 1 2-607 Bled te oe 
Iola “Portland Cement |................ 58} .54] .60] .61 | 39.2| 33.6 | 1.17] 1.47 | 1.17 | 1.26 
Oo. 
Knickerbocker Portland)......-.......... 81} .50) .78] .59 | 38.3 | 24.4] 1.57] 1.84} .72] 2.56 
Cement Co. 
pce PorulantdGe- sf 1.01 .o3 88 55 | 45.7 | 25.4 | 1.29 | 2.82] 1.14 | 2.47 
mer 
— (Portland Ce- | Fogelsville....| .71 45 47 38 | 58.6 | 47.2 | 1.24 | 2.53 | 1.29) 1.96 
ment Co 
gD th ee A fe Mitchell......: 7 61 ef 7 |} 43.8) 27.2 | 1.61 | 2.91} £6! | 2.09 
DDO toe a ie, ges Ormred .-5- 2 634. 6394 88. 52 | 62.2 | 16.4 | 3.80 | 2.37} .39) 6.07 
Bu) Pere, SE an Oa ete Mason City....| 1.00} .50] .63 61 | 61.5 | 25.5 | 2.41 | 3.82} .79 4.84 
Mamet Portland. Ce-4) 27 sefSees oe -70} .58| .63 66 | 44.4 | 29.7] 1.49 | 1.91 | 1.06) 1.80 
ment Co. 
Nazareth Cement Co.-.}.......:........ -84! .61| .64! .60 39.7 | 1.34 | 2.78 | 1.50:| 1.85 
Northwestern States |......22..02.2.. 1.08| .43| .99| .44 31 3 | 38.3 | 1.09 | 2.72] 1.04 2.62 
Portland Cement Co. | 
ae Portland Cement}................ | oo | LOU 98 | 35.0 | 10.3 | 3.40 | 1.03 | .438 | 2.46 
O. 
ieee Cement Gor | 22 -S22-- 0 - = 94] .70| .24 65 | 84.9 | 45.2 | 1.88 | 5.14 2.04 | 2.52 
oO 
ig Portland Cement |...............- | 90 37 81 45 | 43.9 | 24.2 | 1.81 | 2.41 .55 | 4.38 
Vulcanite Portland Ce- |................ -08 | .36 58 41 | 40.6 | 32.4 | 1.25 1.51 | 75 | 2.06 
ment Co. | i 
Whitehall Portland Ce- |...............- 77 58 | .58 66 | 50.6 | 25.4 | 1.99 | 2.26 85; 2.66: 
ment Co. 
! i 


Table V shows that for those cases examined the percentage of 
potash in the raw mix with one exception is in excess of the per- 
centage of soda. With one exception, also, the percentages of potash 
volatilized are considerably in excess of the corresponding values 
found for soda. It consequently happens that the calculated excess 
of potash over soda in the dust is in most cases quite marked, the ratio 
of potash to soda varying in the case of the samples examined from 
0.92 to 6.07, with an average of 2.66. 


POTASH-PRODUCING PLANTS IN THE UNITED STATES. 


The recovery of the potash which escapes from the stacks of 
cement kilns was first made at the plant of the Riverside Portland 
Cement Co., using the Cottrell process of electrical precipitation. 
The first unit of this installation was completed in 1912, and has 
been in continuous operation ever since. The following year the 
installation was enlarged to take care of the gases from 10 kilns, 
which comprised all the kilns in the plant at that time. This main 
installation is built on the plate and wire principle,’ wherein flat 


1 Schmidt, W. A., loc. cit.; U.S. Patent No. 1,200, 887, 


we 
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plates take the place of the pipes used in later installations as col- 
lecting electrodes and the gases flow horizontally between the plates in- 
stead of vertically as is the case where pipes are used. ‘Two kilns were 
later added to the equipment of the original plant, and to take care 
of the. gases from these kilns the multiple-pipe system was installed. 

In the case of the plate and wire treater a separation of the dust 
according to the size of the particles is in a measure effected during 
the process of precipitation, and it thus happens that the fineness 
of the dust collected and the percentage of potash present in the 
precipitated dust increase with the distance of the collecting hoppers 
from the kilns. In the multiple-pipe treater, however, no separation 
of the dust takes place other than that brought about by deposition 
of dust in the flues connecting the treater with the kilns. This dust 
is coarser and contains a lower percentage of potash than the average 
of that precipitated. 

In the original method used for taking care of the material pre- 
cipitated at this plant all of the collected dust was burned in one of 
the kilns connected with the multiple-pipe treater, and the dust 
there precipitated separately collected. The dust thus recovered 
on second precipitation showed a marked concentration of potash, 
which sometimes ran as high as 20 to 23 per cent. This process of 
concentrating the potash was abandoned later, as it was found that 
the potassium sulphate in the treater dust was less readily volatilized 
than the potash in the original mix, and although a high-grade potash 
material could be obtained in this way the double treatment actually 
resulted in a loss of potash, due to the comparatively greater per- 
centage contained in the final clinker. 

In the method now followed for disposing of the collected material 
the coarse dust which settles in the long connecting flue of the multiple- 
pipe treater and in the two rows of hoppers nearest the kilns in the 
plate and wire treater is returned to the kilns for use as cement 
material. The dust precipitated in the multiple-pipe treater and 
in the two remaining rows of the plate and wire treater is separately 
collected and is either disposed of directly for use as a fertilizer or 
leached with water at a temperature above 85° for the preparation of 
concentrated potash salts... By the use of feldspar the potash in the 
raw mix at this plant has recently been increased considerably above 
the value given in Table I, with corresponding gains in the quantity 
of potash volatilized and recovered. 

In the plant of the Security Cement and Lime Co. the multiple- 
pipe system alone is used. In this installation the original flue 
stacks are still retained, and each serves as part of the connecting 
flue which conducts the gases from the corresponding kiln or kilns 
to the treater with which it is connected... By this indirect method 
of connecting the kilns with the precipitating system the gases before 


1 Huber, F. W., and Reath, F. F., U.S. Patent No. 1,220,989. 
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entering the treaters are cooled by radiation in the flues to the 
desired temperature for the precipitation of the dust. 7 

Several precipitating installations are also in operation at plants con- 
trolled by the Universal Portland Cement Co., but as indicated in Table 
I the dust from these plants is too low grade to be of value as a source 
of potash. The dust collected in the treaters at these plants, there- 
fore, is returned to the kilns automatically, for use as cement material. 

In the precipitating system recently installed at the Cementon 
plant of the Alpha Portland Cement Co., the gases from the kilns 
are passed successively through a boiler and economizer system 
before entering the treaters. In this way the waste heat of the gases 
is utilized for the generation of power by steam turbines. In this 
installation, as well as in the multiple-pipe treaters already referred 
to, an artificial draft produced by a fan placed beyond the treater 
system replaces the natural draft originally given by the flue stacks. 

The advantages claimed for installations of the kind last mentioned 
are as follows: (1) The abatement of the dust nuisance is effect- 
ively secured; (2) material is recovered suitable as a source of 
potash or cement material or of both when separation of the potash 
is brought about; (3) a greater efficiency in the burning of the cement 
is secured owing to better possible regulation of the draft through 
the kilns, with resultant.economy in the amount of fuel required; and 
(4) utilization of the waste heat of the gases from the kilns. 

In the plant of the California Portland Cement Co. use is made of 
the Fleming patent dust-collecting system. This system has been 
in operation since 1912, and it is claimed that this method of collecting 
the dust is not only efficient but it is also more than self-supporting, 
there being a saving to the company in the dust collected, a larger 
output per barrel of oil used for fuel, and fewer shutdowns than before 
the Fleming system was installed. 

The draft for the kilns is produced by fans sucking at the end of 
separate flues. Instead of discharging the gases into the atmosphere, 
these fans blow the dust. and pies into a large dry dust-settling 
chamber, where the velocity of the gases is reduced 90 to 95 per cent 
and about two-thirds of the dust is deposited. The gases carrying 
the extremely fine dust which does not settle then go to wet washing 
chambers, where they are forced up and down several times through 
a system of seven baffle sections in each of which are sprays of water 
for capturing the remaining dust. In both the wet and dry chambers 
means are provided for removing the collected dust to the cement 
kilns. The same water being repeatedly used in the wet baffle cham- 
bers, itsoon becomes charged with soluble salts, principally in the form 
of sulphur compounds of potassium, sodium, and calcium. When 
more than one-half pound per cubic foot is found some of the solution 
is removed. and replaced by fresh water in order not to cause trouble 


1 Hanna, W. C., Metallurgical and Chemical Engineering 13, 609 (1915). 


RECOVERY OF POTASH IN THE CEMENT INDUSTRY. 21 


with the sprays. Steps are now taken to recover the potash, but 
further details of the operation are held confidential. 

Extensive experiments on a wet process for the recovery of potash in 
cement dust have also been made at the plant of the Sandusky Cement - 


Co. One method of procedure as outlined in a patent* granted to 


the president of this company has for its object the recovery of the 
water-soluble potash in the dust. This is done (1) by causing the 
gases to pass over water contained in shallow vessels in which the 
solution of alkali salt is produced and replaced as it becomes satu- 
rated, or (2) by causing the gases to pass upward through a tower 
filled with an open checkerwork of brick at the top of which a spray 
of water is introduced. The flue is so adjusted that most of the 
water is evaporated in its descent over the extensive brickwork surface 
in contact with the gases and a small stream only of a concentrated 
salt solution is discharged continually at the bottom of the tower. 
In a process described in the specifications of a subsequent patent ? 
provision is also made for the recovery of the insoluble potash in the 
dust and for utilizing the waste heat of the gases. This is done by 
passing the gases first through suitable dust chambers and then suc- 
cessively through a boiler and economizer system before passing into 
the spray system as outlined in the preceding patent. The dust 
which is deposited in the connecting flues of the system and the 
mud which settles out from the concentrated salt solutions are then 
returned to the kilns for the purpose of volatilizing the potash pres- 
ent with a view to its ultimate recovery in soluble form. The experi- 
ments on the commercial application of the methods outlined in 
these patents have not yet been completed. Itseems doubtful, how- 
ever, from observations made in various industries on the use of spray 
washers for the purification of gases from a suspended fume, whether 
any wet process will prove as effective as the electrical process for the 


recovery of potash from cement flue dust. 


The recovery of potash from feldspar by use of the latter in the 
manufacture of cement has recently been investigated on a commer- 
cial scale by the Buffalo Potash & Cement Corporation, operating 
under the Brown * and Warren‘ patents. 

In the process outlined in these patents feldspar is ignited in an 
oxidizing atmosphere with a sufficient quantity of calcium chloride 
to furnish sufficient chlorine to combine with the potassium in the 
feldspar and with a sufficient quantity of calcium carbonate to bring 
the lime content of the resulting material up to 40 to 55 per cent. 
The charge is burned in a modified type of copper blast furnace at a 
temperature practically the same as that required in Portland-cement 
practice with rotary kilns. Under the conditions of the operation the 
charge is reduced to a molten mass yielding a cement containing no 


1 Newberry, S. B., U.S. Patent No. 1,121,532. 3 U.S. Patents Nos. 1,123,841 and 1,124,238. 
2 Newberry, S. B., U. S. Patent No. 1,150,295. 4U.S. Patent No. 1,123,964. 
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free lime and at the same time a high percentage volatilization of the 
potash is obtained. A combined dry and wet system was first used 
for recovering the potash, but, not proving satisfactory, this has been 
replaced by the Cottrell process of electrical precipitation. 
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SUMMARY. 

(1) Analysis of samples of raw mix and of cement from 113 cement 
mills in the United States and Canada shows that the potash in the 
raw mix varies from 0.20 to 1.16 per cent, and that the percentage 
of potash volatilized in the different plants varies from 24.5 to 95.9 
per cent. From the results thus obtained it has been calculated 
that the potash escaping from the kilns of these plants ranges from 
0.35 to 5.14 pounds per barrel of cement produced, with an average 
for the plants of this country of 1.93 pounds. On the basis of an 
average production of 90,000,000 barrels, the total potash escaping 
from the cement plants of this country amounts to about 87,000 tons 
annually. It has been demonstrated commercially that 90 per cent 
of the potash escaping in the dust is recoverable, and from experi- 
ments made in this laboratory it would appear that 95 per cent of 
the recoverable potash is, or may readily be made, available. The 
recoverable potash in the cement industry therefore amounts to 
approximately 78,000 tons and the available recoverable potash to 
75,000 tons, or to 71,000 tons when plants losing less than 1 pound 
of potash per barrel of cement are omitted. 

(2) Assuming, in the light of results that have already been ob- 
tained, that it would be practicable to increase the percentage of 
potash volatilized to at least 65 per cent for all plants, then the 
available recoverable potash would amount to more than 100,000 
tons annually, or to nearly one-half of the normal consumption of 
potash in this country. 

(3) If it be assumed, further, that the dust escaping from the kilns 
amounts on an average to 4 per cent of the raw mix fed into the 
kilns in the case of dry-process plants, and to 2 per cent for plants 
using the wet process, then, on the basis of the results already given, 
the total potash content of the dust escaping from the former plants 
will vary in different plants from 1.4 to 20.0 per cent, and in the 
latter from 9.1 to 35.1 per cent. 

(4) The ratio of potash to soda in the dust as determined for 20 
different plants varies from-0.92 to 6.07, with an average of 2.66. 
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